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(54) INK-JET IMAGE FORMING DEVICE 

(57) An ink-jet image forming device such that the 
test pattern detecting accuracy is improved with a single 
photodetector. A binarizing circuit (16) which binarizes 
the output of a sensor for a test pattern includes a peak 
hold circuit (82) which follows slow change in the sensor 
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output, a voltage dividing circuit (83) which divides the 
held output, and a comparator (84) which converts the 
sensor output into a bi-level signal by using the output of 
the circuit (83) as a threshold. 
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Description 

Technical Field 

[0001 ] The present invention relates to an image form- 
ing device and particularly to such a device that 
includes a plurality of recording heads. 

Background Art 

[0002] An ink-jet printer, a type of ink-jet image form- 
ing devices, is a device employing an ink-jet recording 
method which uses a head with aligned nozzles to eject 
ink drops therefrom to perform printing, with character- 
istics such as low noise, space-saving, etc. The head is 
fixedly mounted in position on a carriage, which is 
scanned across a recording paper sheet while ink drops 
being ejected to form an image on the paper sheet. The 
carriage also carries an interlace circuit board neces- 
sary for driving the head. 

[0003] Each nozzle is always filled with ink and pro- 
vided therein with a heater element, which is heated 
with driving pulses to generate air bubbles in the nozzle. 
The bubbles are swelled to eject part of the ink within 
the nozzle outwardly so as to create an ink drop which 
will land on the paper sheet to make a printed dot. 
[0004] In such an image forming device, one recording 
head is formed with a multitude of aligned nozzles, and 
hence, the nozzles in the same head are filled with the 
same ink from the same ink tank. To form a full-color 
image by an ink-jet printer, three colors, i. e., cyan, 
magenta and yellow, of ink are used so as to superim- 
pose them to form an image, which realizes any color on 
the recording paper sheet. Therefore, a full-color ink-jet 
printer requires at least three heads. In practice, how- 
ever, one more head of black is provided since beautiful 
black is not obtained with the above three colors. Thus, 
four heads in total, i.e., black (K), cyan (C), magenta (M) 
and yellow (Y), are used for printing. 
[0005] The heads are located on a carriage such that 
the nozzles of each head are aligned in the recording 
paper travelling direction (sub-scanning direction). 
While the carriage is being scanned in the direction 
(main-scanning direction) perpendicular to the sub- 
scanning direction, ink drops are ejected onto the 
recording paper from the nozzles according to print 
data. One scanning of the carriage over a print region 
results in the printing of a band of image. Then, the 
recording paper sheet is travelled in the sub-scanning 
direction by a predetermined amount to perform the 
printing of a second band, in the same manner as with 
the first band. By repeating such operations for third, 
fourth, ... bands, an image is completed. 
[0006] The four heads are removably mounted on the 
carriage, and hence, what determines a print position (i. 
e., a head position) is the carriage. In general, a posi- 
tional sensor is provided in position on the carriage to 
detect the position of the carriage in a unit of dot in 



cooperation with a linear scale which is disposed along 
the scanning direction of the carriage. The output of the 
positional sensor creates the timing of the printing. In an 
ink-jet printer with a plurality of such heads for printing in 

5 both, back and forth, scanning directions, deviation in 
the position of heads mounted by a user, difference in 
characteristics of the heads themselves, and change in 
speed of the carriage produce deviation in the printing 
position of each head, resulting in an offset (registration 

10 offset) of the printed image for each head. For example, 
printed rule lines offset or vertical or horizontal stripes 
appear in the image, which sometimes affects signifi- 
cantly the image quality. The registration offset includes 
a sub-scanning directional offset (vertical registration 

rs offset) and a main-scanning directional offset (horizon- 
tal registration offset), for each of which another regis- 
tration offset could occur between the back and forth 
scanning directions. 

[0007] Once such registration offsets are detected, 

20 the influence of the offsets will be eliminated by correct- 
ing the printing such that with respect to the vertical reg- 
istration offset, the group of nozzles to be actually used 
for printing is shifted in the sub-scanning direction 
(where the number of the nozzles of a head is set 

25 greater than that of actually used at a time), and with 
respect to the horizontal registration offset, the timing of 
ejecting ink is adjusted earlier or later. 
[0008] In order to perform such correction, however, it 
is required for the device to accurately recognize the 

30 extent of the registration offset. The measuring of the 
registration offset generally falls within either of the fol- 
lowing two methods. One is a manual registration 
adjustment wherein the device prints a pattern by which 
a user readily recognize the registration offset with the 

35 unaided eye based on the printed pattern and the user 
manually inputs the amount of the recognized registra- 
tion offset to the device. Another is an automatic regis- 
tration adjustment in which the device automatically 
detects the offset. 

40 [0009] Further, the automatic registration adjustment 
includes a method in which the device prints a predeter- 
mined test pattern for an optical sensor to detect the 
pattern to determine the amount of the registration off- 
set, and another which uses an optical ink drop detector 

45 which detects the position of an ink drop ejected from 
the head so that a calculation is made so as to obtain 
the position where the ink drop hits the medium. 
[0010] Among the two automatic registration adjust- 
ment methods, the present invention employs the one 

so that uses the test pattern to detect the amount of the 
registration offset. This basic technique is disclosed in 
Japanese patent application laid-open (KOKAI) No. 7- 
323582 which was filed by the applicant of this applica- 
tion. In this technique, a pattern-reading scan is made 

55 twice, firstly for detecting a center dot position of each of 
two given pattern elements, and secondly for measuring 
the interval of the detected two center dots. Also, an 
international patent publication No. W097/14563 dis- 
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■ closes a technique wherein two light receiving elements 
are employed to use the differential output thereof so as 
to improve the accuracy of the test pattern detection. 
[001 1 ] It is an object of the invention to provide an ink- 
jet image forming device capable of improving the accu- 
racy of the test pattern detection with a single light 
receiving element 

[001 2] It is another object of the invention to provide 
an ink-jet image forming device capable of reducing the 
time necessary for the registration adjustment by meas- 
uring the interval of the center dots of two given pattern 
elements in a single pattern-reading scan. 

Disclosure of Invention 

[001 3] According to the present invention, there is pro- 
vided an ink-jet image forming device in which a plurality 
of heads are scanned in a direction substantially per- 
pendicular to a recording-medium travelling direction, 
the ink-jet image forming device, comprising: a test pat- 
tern printing means for printing a test pattern on a 
recording medium by using the plurality of heads; a 
light-reflection type optical sensor which is scanned 
across the test pattern printed on the recording medium 
for sequentially detecting pattern elements thereof; a 
binarizing circuit for binarizing an output of the light- 
reflection type optical sensor; a calculating circuit for 
obtaining a plurality of data items concerning intervals 
between a reference head of the plurality of heads and 
the other heads, according to the output of the binariz- 
ing circuit; and means for determining amounts of off- 
sets in print position of the other heads relative to the 
reference head; the binarizing circuit, comprising: a 
peak-hold circuit for following slow change in the output 
of the light-reflection type optica! sensor; a voltage- 
dividing circuit for dividing a held output of the peak-hold 
circuit; and a comparator for converting the output of the 
optical sensor into a bi-level signal by using the divided 
output of the voltage dividing circuit as a threshold. 
[0014] With such an arrangement, the sensor output 
responsive to the test pattern is binarized with the 
threshold that dynamically changes according to the 
output of the peak-hold circuit which follow the slow 
change in the sensor output. Therefore, an adequate 
binarization is realized even wfth the deviation of the 
sensor output due to various factors. As a result, the off- 
set in the inter-head printing position can accurately be 
detected so as to cancel the offset 
[001 5] A sample-hold circuit may be used in place of 
the peak-hold circuit, the sample-hold circuit serving to 
sample and hold the output of the optical sensor during 
a predetermined period corresponding to the test pat- 
tern. 

[001 6] Accorcfing to the present invention, there is pro- 
vided another ink-jet image forming device in which a 
plurality of recording heads are scanned in a direction 
substantially perpendicular to a recording-medium trav- 
elling cfirection, the ink-jet image forming device, com- 



prising: a test pattern printing means for printing a test 
pattern on a recording medium by using the plurality of 
heads; a light-reflection type optical sensor which is 
scanned across the test pattern printed on the recording 

5 medium for sequentially detecting pattern elements 
thereof; a binarizing circuit for binarizing an output of the 
light-reflection type optical sensor; a calculating circuit 
for obtaining a plurality of data items concerning inter- 
vals between a reference head of the plurality of heads 

w and the other heads, according to the output of the bina- 
rizing circuit; and means for determining amounts of off- 
sets in print position of the other heads relative to the 
reference head; the test pattern including a reference 
pattern element printed with the reference head, and a 

15 plurality of comparative pattern elements respectively 
printed with the plurality of heads at positions a constant 
designated interval away from the reference pattern ele- 
ment; and the calculating circuit obtaining an interval 
data item of one of the other heads relative to the refer- 

20 ence head, based on the output of the optical sensor in 
a single scan across the test pattern. 
[001 7J Thus, the number of sensor scans for detecting 
the test pattern is reduced to one half, thereby reducing 
the time required for the process of correcting the offset 

25 of the head printing position. 

[0018] More specifically, the calculating circuit may 
include a rising edge detector responsive to the output 
of the binarizing circuit for generating a pulse when 
detecting a rising edge thereof; a falling edge detector 

30 responsive to the output of the binarizing circuit for gen- 
erating a pulse when detecting a falling edge thereof; a 
first counter for starting clock counting in response to a 
detected output of the rising edge detector; a register 
for holding a count value of the first counter in response 

35 to the pulse of the falling edge detector; a divider for 
halving the value held in the register; a first comparator 
for comparing the count value of the first counter wfth a 
predetermined set value so as to stop the counting 
operation of the first counter when both the values coin- 

40 dde with each other; a second counter for starting clock 
counting in response to the coincident output of the first 
comparator; a second comparator for comparing the 
count value of the second counter wfth the output of the 
divider so as to stop the counting operation of the sec- 

45 ond counter when both the values coincide; and a third 
counter for starting clock counting in response to the 
coincident output of the second comparator; the third 
counter stopping the clock counting in response to 
another coincident output of the second comparator 

so which occurs again after staring the clock counting, the 
count of the third counter being used as the interval data 
ftem between the reference pattern element and the 
comparative pattern element. 

[001 9] Alternatively, the calculating circuit may include 
55 a rising edge detector responsive to the output of the 
binarizing circuit for generating a pulse when detecting 
a rising edge thereof; a falling edge detector responsive 
to the output of the binarizing circuit for generating a 
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pulse when detecting a falling edge thereof; a first flip- 
flop for inverting an output thereof each time the pulse 
from the rising edge detector is received; a first counter 
responsive to the output of the first flip-flop for perform- 
ing clock counting during a scanning period of the sen- 
sor from the leading-edge position of the reference 
pattern element to that of the comparative pattern ele- 
ment; a second flip-flop for inverting an output thereof 
each time an input pulse is received; a second counter 
responsive to the output of the second flip-flop for per- 
forming clock counting during a scanning period corre- 
sponding to a width of the reference pattern element; a 
third flip-flop for inverting an output thereof each time an 
input pulse is received; a third counter responsive to the 
output of the third flip-flop for performing clock counting 
during a scanning period corresponding to a width of 
the comparative pattern element; and a switching mans 
responsive to a bi-level output of the binarizing circuit for 
supplying alternately to the second and third flip-flops a 
pair of two detected pulses of the rising and falling edge 
detectors; the determining means for obtaining an inter- 
val data item between the reference pattern element 
and the comparative pattern element on the basis of 
output values of the first, second and third counters, and 
for determining amounts of offset in print position of the 
other heads relative to the reference head. 
[0020] In the latter calculating circuit, the test pattern 
may include a plurality of sets of pattern elements dis- 
posed in the sensor scanning direction, each of the sets 
including a reference pattern element and a plurality of 
comparative pattern elements; and wherein the first, 
second and third counters of the calculation circuit my 
accumulatively hold the respective count values during 
one scanning period of the sensor. 

Brief Description of Drawings 

[0021] 

Fig.1 is a block diagram which shows a general 
configuration of an ink-jet printer according to an 
embodiment of the present invention; 
Fig. 2 shows a perspective view of the external con- 
figuration of the ink-jet printer shown in Fig. 1 ; 
Fig. 3 shows a general configuration of a test pat- 
tern used; Fig. 4 is a diagram for explaining an 
operation for detecting a registration offset; 
Figs. 5(a) and (b) are diagrams of test patterns 
respectively for detecting horizontal registration off- 
set and vertical registration offset; 
Figs. 6(a) and (b) show first and second examples 
of an internal configuration of the reflection-type 
optical sensor which is used in the embodiment of 
the present invention; 

Fig. 7 shows graphs showing characteristics of 
reflectance v.s. wave length for each color ink; 
Fig. 8 is a circuit diagram which shows an exem- 
plary circuit of pattern detector 16 shown in Fig. 1 ; 



Fig. 9 shows an output signal waveform of sensor 9 
when the test pattern is read by the sensor 9; 
Figs. 10 (a) and (b) show waveforms (solid lines) for 
two cases of (a) the recording paper sheet greatly 
5 and unslantly floating above the platen, and (b) the 
sheet slantly floating; 

Figs. 11(a)-(c) are signal waveforms which repre- 
sent the relationship between varying output wave- 
form detected from a test pattern and their 

10 thresholds; 

Figs. 12 (a) and (b) are signal waveforms which 
show variation of detected output waveforms of a 
test pattern when the print density varies depend- 
ing upon variation of ink or its ejected amount; 

is Rg. 13 is a circuit diagram which shows sample- 
hold circuit 86 in place of the peak-hold circuit 82 
shown in Fig. 8; 

Rg. 14 shows signal waveforms for explaining the 
operation of the sample-hold circuit 86 shown in 

20 Rg. 13; 

Rg. 15 is a block diagram which shows an exem- 
plary configuration of the inter-pattern-element 
interval detector 1 7 shown in Rg. 1 ; 
Rg. 16 is a timing chart which shows waveforms of 

25 principal signals of various parts in the circuit 
shown in Fig. 15; 

Rg. 17 is a block diagram which shows another 
exemplary configuration of the inter-pattern-ele- 
ment interval detector 17; 
30 Rg. 18 shows a configuration of a test pattern 
including n-sets of successive patterns; and 
Rg. 19 is a timing chart which shows waveforms of 
principal signals in the circuit shown in Fig. 17. 

35 Best Mode for carrying Out the Invention 

[0022] Referring now to the remaining drawings, pre- 
ferred embodiments of the present invention will be 
described. In the embodiments, an ink-jet printer is 
40 raised as an example of the ink-jet image forming 
device. 

[0023] Referring first to Fig. 1 , there is shown a gen- 
eral configuration of the ink-jet printer according to an 
embodiment of the invention. Fig. 2 shows a perspec- 
45 tive view of the external configuration of the ink-jet 
printer. 

[0024] This ink-jet printer is mainly divided into a print 
controller 12 and heads 13. The print controller 12 per- 
forms a predetermined process in response to incoming 

so image data VDI and control signals from an external 
device such as an image scanner, personal computer 
and CAD device, and forms an image on a recording 
paper sheet (recording medium) by using the heads 13. 
[0025] The print controller 12 includes a CPU 14, a 

55 head controller 15, a pattern detector (binarizing circuit) 
16, a detector 17. etc. The detector 17 obtains data 
items concerning offsets of the heads, such as pattern 
element intervals on the basis of the values detected by 
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* the pattern detector 16. The CPU 14 interfaces with the 
external device 11, which sends the image data VDI, 
and controls the overall operation of the print controller 

* 12, including memories (not shown) for storing data and 
programs, I/O (Input/Output), etc. Specifically, when the 
image data VDI comes from the external device 1 1 . the 
head controller 1 5 temporarily stores a few bands of the 
image data VDI in an image memory in response to 
instructions from the CPU 14. The stored image data 
VDI is then subjected to various image processing so as 
to produce image data VDO in synchronization with the 
scanning of the heads 13. 

[0026] In this event, the synchronization of the print 
control such as the output of the image data VDO, etc. 
is realized with a signal LINSCL which is generated, in 
synchronization with the scanning of the heads 1 3, from 
a linear encoder 18 (constituted by a linear scale 7 in 
Fig. 2 and a scale sensor). 

[0027] The head controller 1 5 also serves to generate 
enable signals BENBO-7 for blocks of each head 13, 
each of the heads including a plurality of blocks wherein 
each of the blocks includes a plurality of nozzles, and 
heater drive pulses HENB which are signals for ejecting 
ink from the nozzles. In this embodiment, one head 13 
including 128 nozzles is divided into 8 blocks, and 
hence, there are eight enable signals for each head. 
[0028] The image data VDO, block enable signals 
BENBO-7, heater driving pulse signals HENB, etc. are 
transferred to the heads 13. In the control circuit inside 
the head 13, only nozzles with their image data VDO, 
and enable signals (BENB, HENB) enabled, are turned 
ON to eject ink drops from the nozzles onto the record- 
ing paper sheet (15 in Fig. 2) such that a column of 
image dots corresponding to the nozzle array is formed. 
While such control is being repeated, the heads 13 are 
scanned in the main-scanning direction to thereby form 
a band of image. 

[0029] In the embodiment, there are four pairs (four 
circuits) of the head controller 15 and the head 13, 
which are provided with an integrated type of ink tank of 
cyan, magenta, yellow and black, respectively, to realize 
a full-color printing. Hereinafter, only one circuit (pair) 
will be explained. 

[0030] In addition, a sensor is provided adjacent to the 
four heads such that after a test pattern as shown in Fig. 
3 is printed, the sensor reads individual pattern ele- 
ments to detect the pattern element intervals. This test 
pattern, per se, is similar to that shown in the above- 
mentioned prior art technique. Fig. 3 shows a test pat- 
tern for detecting a registration offset in a horizontal 
(main-scanning) direction. The detail of this test pattern 
will be described below with reference to Fig. 5. 
[0031] Referring next to Fig. 4, an explanation will be 
given of the detail of an operation for detecting the 
amount of a registration offset (i. e., the amount neces- 
sary for registration adjustment). 
[0032] First, the sensor 9 is scanned over pattern ele- 
ments a and £ so that the pattern detector 1 6 in the print 



controller detects, based on the output of the sensor 9, 
the positions of the test pattern elements that change in 
density, and binarize the detected output into digital 
data with a certain threshold level. Then, an inter-pat- 

5 tern-element interval detector 17 obtains center dot 
positions of each pattern element and, at the sane time, 
an interval D between the center dots of the pattern ele- 
ments a and b- As explained below with reference to 
Fig. 17, the inter-pattern-element interval detector 17 

io may obtain only data associated with the interval D, and 
the CPU 14 may then calculate the interval D on the 
basis of the data. A specific configuration of the sensor 
9 used in the embodiment will be described below with 
reference to Fig. 6. 

15 [0033] Such an operation is similarly repeated with 
respect to pattern elements a and c; a and £ and a and 
e, then the respective interval data items between the 
center dots of the two pattern elements in question are 
obtained. After these interval data items are obtained, 

20 the interval data item of the pattern elements a and b is 
used as a reference interval data item to obtain differ- 
ences between the reference interval data item and 
other interval data items. As a result, it is possible to cal- 
culate to what extent and in what direction each head is 

25 misaligned relative to the reference head. 

[0034] In the foregoing prior art technique, the deter- 
mination of one interval data item D required the head 
scanning (sensor scanning) twice, firstly for a process of 
obtaining the center dot positions and secondly for 

30 another process of obtaining the interval between the 
center dots. In the invention, however, the processes 
are performed in a single scanning. 
[0035] The configuration and operation for detecting 
the test pattern is the most characteristic portion in the 

35 present invention, and will be explained below in more 
detail. 

[0036] First, the test pattern is described with refer- 
ence again to Figs. 5(a) and(b). Fig. 5(a) shows a test 
pattern for detecting a horizontal registration offset and 

40 Fig. 5(b) shows a test pattern for detecting a vertical 
registration offset. In this specification, the pattern ele- 
ment a is used as a reference element for measuring 
the interval, and hence, called "reference pattern ele- 
ment". The other pattern elements b, c, d and e are 

45 compared with the reference element, and hence, 
called "comparative pattern elements'*. 
[0037] In Fig. 5(a), the pattern elements a and h are 
printed with a reference head. The pattern elements c. 
d and e are used to determine the positions of the 

so heads with other color ink tanks relative to the reference 
head. Here, the pattern elements a and b are printed by 
the head with a black (K) ink tank, and the pattern ele- 
ments c, d, e are printed by the heads with cyan (C), 
magenta (M) and yellow (Y) ink tanks, respectively. In 

55 Fig. 5(a), the comparative pattern elements c, d and e 
[0038] are illustrated not in a line with the comparative 
pattern element b. It should be noted that the printing 
was intended to put them in a line but the print resulted 
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in the offsets because of the horizontal misalignment of 
the heads. 

[0039] After printing such test patterns, with respect to 
trie test pattern for detecting the horizontal registration 
offset the carnage carrying the sensor 9 is moved in the s 
main-scanning direction to read the pattern elements. 
With respect to the test pattern for detecting the vertical 
registration offset, the sensor 9 is moved onto the pat- 
tern and then the paper sheet is travelled in the sub- 
scanning direction for the sensor to read the pattern ele- 
ments. Thus, the intervals between pattern elements 
are detected. 

[0040] Referring next to Figs. 6 and 7, an explanation 
will be given of the configuration and operation of the 
sensor 9 for detecting the test patterns. 
[0041 ] Fig. 6(a) shows the internal configuration of the 
sensor 9 which is used in the present embodiment. This 
sensor 9 comprises a light receiving element (photodi- 
ode) 62, a light emitting element (bi-color light emitting 
diode) 61 . a lens 63. etc. This type of sensor is generally 
called "reflection type optical sensor". The reflection 
type optical sensor emits light from its light emitting part 
towards an object to be detected so that its light receiv- 
ing part receives the reflected light to detect the object. 
In this embodiment, the object to be detected is the pat- 
tern elements printed on a recording paper sheet. In 
order to ease the recognition of the pattern elements, 
the difference between the sensor outputs when detect- 
ing the paper background and the pattern elements, has 
to be great. 

[0042] Fig. 7 shows the characteristics of reflectance 
regarding the pattern elements of different colors. The 
reflectance represents a ratio of the energy of the 
reflected light relative to the irradiated light energy. 
Therefore, the larger is the difference in reflectance 
between the object to be detected and other portion, the 
greater becomes the difference of the sensor outputs, 
which facilitates the detection of the object. When only 
one wavelength of light is emitted from the light emitting 
part, the candidate of light to be used may be light of 
green to blue range having a wavelength of around 500 
nm, assuming that the reflectance of paper is high and 
approximately 100 %. However, this range of light 
causes cyan to be highly reflective, which makes it diffi- 
cult to distinguish the color from the paper background 
when actually attempting to detect the test pattern. 
Then, as mentioned above, the light emitting part of the 
sensor according to the embodiment employs the bi- 
color LED in which two colors of red R (640 nm) and 
blue B (470 nm) are available. The red light is used for 
the black and cyan pattern elements and the blue light is 
used for the magenta and yellow pattern elements, so 
as to expand the difference in reflected light intensity 
between the paper background and the respective pat- 
tern elements to be detected. Alternatively, the bi-color 
emitting LED may be a combination of a blue LED 64 
and a red LED 65 as shown in Fig. 6(b). 
[0043] Other parts will be described. The lens 63 is 5 



mm in diameter and has, on its surface, a round aper- 
ture of 2 mm in diameter. This lens 63 is disposed in 
position that causes an image printed on the paper 
sheet to be focussed on the light receiving element with 
the image size magnified twice. The light receiving ele- 
ment 62 is a photodiode having a receiving plane of 2 
mm x 3 mm. The photodiode is an optical semi-conduc- 
tor device which transforms light into an electric current. 
The light energy irradiated from the light emitting ele- 
ment 61 hits the test pattern on the paper sheet, and the 
reflected energy reaches through the lens 63 to the light 
receiving element 62. The test pattern is detectable by 
monitoring the output current from the light receiving 
element 62. Since the sensor is a two-fold magnification 
reading system with the aperture of 2 mm in diameter, 
the detectable range on the paper sheet is a circle of 1 
mm in diameter. 

[0044] Referring to Fig. 8, there is illustrated an exem- 
plary circuit of the pattern detector 1 6 shown in Fig. 1 . 
[0045] In Fig. 8, numeral 81 indicates a current ampli- 
fier for converting the output current of the photodiode 
62 (Fig. 6) into a voltage; numeral 82 indicates a peak- 
hold circuit for holding the peak of the output from the 
current amplifier 81 (or slowly follows the peak); 
numeral 83 indicates a voltage divider for dividing the 
peak voltage detected by the peak-hold circuit 82; and 
numeral 84 indicates a comparator for comparing the 
output of the current amplifier 81 with the divided output 
of the peak-hold circuit 82, using the divided output as a 
threshold. 

[0046] Fig. 9 shows the output signal waveform of the 
sensor 9 when the test pattern is read by the sensor as 
shown in Fig. 3 with the above-described configuration 
of the sensor 9 and pattern detector 1 6. The output cur- 
rent of the sensor 9 is great when the background white 
portion (non-printed portion) of the paper sheet is being 
read. The output current becomes smaller when the 
pattern elements are being detected. Thus, the concave 
portions of the waveform shown in Fig. 9 represent the 
pattern elements being detected. 
[0047] In the binarizing of such a waveform, the tim- 
ings of the rising and falling edges of the banarized. bi- 
level output vary depending upon the level of the thresh- 
old used for the binarization. Therefore, it is a big matter 
for the binarizing circuit at what level the threshold is to 
be set When the test pattern printed on the paper sheet 
is read, the offset and amplitude components of the 
detected waveform could vary due to the floating of the 
sheet, the light intensity of the light emitting element and 
inconstant characteristics of the parts which constitute 
the detector circuit. Figs. 10 (a) and (b) show waveforms 
(solid lines) for two cases of (a) the recording paper 
sheet greatly and unslantly floating above the platen, 
and (b) the sheet slantly floating. The dashed lines in 
the drawing indicate ideal waveforms. 
[0048] With such output waveforms of the sensor 9, 
the peak-hold circuit 82 (Fig. 8) cannot follow abrupt 
changes of the waveform, and hence, it serves to hold, 



15 



20 



25 



30 



35 



40 



45 



50 



6 



11 EP 0 974 463 A1 12 



"■ at a certain time constant, the waveform level immedi- 
ately before the pattern element. This held level divided 
by two is used as the threshold, so that the pattern ele- 
ment can be detected substantially at a fixed position in 
the main-scanning direction even though the waveform 5 
varies, as shown in Figs. 11(a)-(c). 
[0049] Incidentally, ink used in an ink-jet printer could 
change in density depending upon its inconstant char- 
acteristics and the amount ejected on a paper sheet. 
Figs. 12(a) and (b) show the waveforms of the sensor w 
output. In the case of Fig. 12(a), the depths of the two 
concave portions of the waveform (magnitudes of the 
negative peaks) are the same with each other, but in the 
case of Fig. 1 2(b) they are different due to the difference 
of the ink density. When detecting this type of waveform, 15 
the above-described detector circuit could not compen- 
sate for the variation. 

[0050] It is seen from the waveforms shown in Rgs. 1 2 
(a) and (b), however, that the midpoint between the ris- 
ing and falling edges of the bi-level waveform, i. e., the 20 
timing of detecting the center position of a pattern ele- 
ment does not change even though the rising and falling 
edges change in timing depending upon the depth of 
the concave. Thus, the center position of the concave of 
the detected bi-level waveform is obtained and used as 25 
the detected position of a given pattern element. 
[0051 ] The detection of the center position of the pat- 
tern element and the calculation of the interval between 
two center positions of two pattern elements are per- 
formed in an inter-pattern-element interval detector 17 30 
which is described below. (However, the interval calcu- 
lation may be performed by the CPU 1 4 on the basis of 
data concerning the interval.) 

[0052] Referring to Fig. 13, there is shown a sample- 
hold circuit 86 which is usable in place of the peak-hold 35 
circuit 82. This is to control an analog switch 87 in 
response to a hold signal from the CPU 14 so that the 
sensor output is sampled and held at a predetermined 
timing immediately before the beginning of a concave 
portion of the output waveform and the held level is 40 
maintained immediately after the end of the concave 
portion, as shown in Fig. 14. Also in this case, a thresh- 
old (dashed) line can be set at a level corresponding to 
the sensor output level immediately before the begin- 
ning of the concave portion, thereby making it possible 45 
to appropriately dealing with the sensor output deviation 
due to the paper sheet floating or the like. 
[0053] The inter-pattern-element interval detector 17 
is constituted in the form of hardware (gate array). This 
allows a high-speed processing. so 
[0054] Fig. 15 shows an exemplary configuration of 
the inter-pattern-element interval detector 17. This 
detector comprises various components as illustrated in 
the drawing. More specifically, a rising edge detector 
150 and a falling edge detector 151 receive the bi-level 55 
output from the pattern detector 16 explained above, 
and detect a rising edge and a falling edge, respectively, 
to generate detected pulses. A delay counter 152 



counts a clock signal CLK during a period of time during 
which an output of the rising edge detector 150 (a delay 
counter enable signal DCE) is at a high level. The count 
value is compared with a preset value in a comparator 
153 which generates a delay counter reset signal DCR 
to reset the delay counter 1 52 when the two values coin- 
cide with each other. It is preferable to define the preset 
value so that the delay counter reset signal DCR is 
issued within a period between two adjacent pluses of 
the bi-level output corresponding to two pattern ele- 
ments. 

[0055] On the other hand, a count transfer unit 154 is 
activated at the time when a falling edge is detected by 
the falling edge detector 151, at the time of which the 
count value of the delay counter 152 is loaded in a reg- 
ister 155. The count value loaded in the register 155 
represents the width of a first pattern element. This 
value is halved in a divider 156 and applied to a compa- 
rator 158 stated below. 

[0056] The output from the comparator 153 is also 
used as an enable signal CCE for a centering counter 
157. The centering counter 157^ while being enabled, 
counts the clock CLK and the count value is compared 
with the value from the divider 156. When the both val- 
ues coincide, the reset signal CCR resets the centering 
counter 157. At the same time, a main counter 159 is 
enabled. The main counter 159, while being enabled, 
counts the clock CLK. The counting of the main counter 
159 is stopped when the reset signal CCR is issued 
again from the comparator 158. The count value of the 
main counter 159 at this time represents an interval 
data D between the center dots. Fig. 16 shows wave- 
forms of principal signals of various parts in the circuit 
shown in Fig. 15. With reference to this timing chart, an 
operation of the circuit will be explained below. 
[0057] At a time t1 , before detecting a test pattern, an 
initializing process is performed to reset ail the counters 
152, 157 and 159. 

[0058] At a time t2, the rising edge of the reference 
pattern element is detected, at the time of which the 
delay counter 152 is started. 

[0059] At a time t3, the falling edge of the reference 
pattern element is detected. At this time, the count value 
of the delay counter 152 is transferred to the register 
1 55 and divided by two in the divider 1 56 and the result- 
ant value is stored. This resultant value represents a 
half of the width of the reference pattern element 
[0060] At a time t4, when the count value of the delay 
counter 152 reaches a preset value, the delay counter 
152 is reset and the centering counter 157 is started. 
[0061] At a time t5, the count value of the centering 
counter 1 57 reaches the half value of the reference-pat- 
tern-element width from the divider 1 56. At this time, the 
centering counter 157 is reset and the main counter 159 
is started. 

[0062] At a time t6, a rising edge of the bi-level output 
is detected corresponding to a comparative pattern ele- 
ment, at the time of which the delay counter 152 is 
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restarted. 

[0063] At a time t7, a falling edge of the bi-level output 
is detected corresponding to the comparative pattern 
efement, at the time of which the count value of the 
delay counter 1 52 is transferred to the register 1 55 and s 
divided by two in the divider 156. 
[0064] At a time t8, the count of the delay counter 1 52 
reaches a preset value. At this time, the delay counter 
152 is reset and the centering counter 157 is restarted. 
[0065] At a time t9, the count value of the centering 
counter 159 is coincident with the output of the divider 
156. At this time, the centering counter 157 is reset and 
the counting of the main counter 159 is stopped. As 
mentioned above, the count value of the main counter 
159 at this time represents the data D of the interval 
between the center positions of the reference and com- 
parative pattern elements. 

[0066] As clearly seen from the timing chart shown in 
Fig. 16, in the embodiment, a single scan of the sensor 
9 is sufficient to obtain the interval data between two 
pattern elements. The difference between the reference 
interval data item and other interval data item can be 
calculated by the CPU 14. 

[0067] Referring next to Fig. 17, there is shown 
another configuration of the inter-pattern-element inter- 
val detector 17. This configuration is preferable to use 
when a plurality (n) of sets of test patterns are succes- 
sively printed, as shown in Fig. 18, so that an average 
value is obtained from a plurality of similar interval data 
items. 

[0068] Assume now that n sets of test patterns are 
used. Letting "xi" be the width of a reference pattern ele- 
ment of each set, "yi" be the width of a comparative pat- 
tern element, and "di" be the interval between the start 
positions (rising edges) of reference and corresponding 
comparative pattern elements, then an interval "D" 
between the center dot positions of the reference and 
corresponding pattern elements is represented by the 
following formula: 

Di = (di + yi/2 - xi/2) 

[0069] Then, an average interval Da between center 
dots is represented by: 

Da = Z(di + yi/2 - xJ2)/n 

[0070] This average inter-center-dot interval Da is 
transformed into: 

Da = (S(di) + Z(yi/2) - I(xi/2)}/n 
= {Z(di) + (Z(yi))/2-(S(xi))/2}/n 

[0071] This leads that the total sums of all the sets 
X(di), £ (yi) and Z(xi) are first calculated and then on the 
basis of the results the value Da can be calculated. 
[0072] The circuit shown in Fig. 1 7 is based on this 
concept. 



[0073] In Fig. 1 7, a rising edge detector 1 70 generates 
a pulse of one-clock width when detecting a rising edge 
in the bi-level output. Similarly, a falling edge detector 
172 generates a pulse of one-clock width when detect- 
ing a falling edge in the bi-level output. A flip-flop (FF) 
171 inverts its output each time at every rising edge of 
the bi-level output. 

[0074] A flip-flop 173 inverts its output each time an 
output pulse from the rising edge detector 170 is 
received. A multiplexer 174 routes its input signal to its 
upper output terminal (the side of the flip-flop 1 78) when 
the output from the flip-flop 171 is at a high level (1), and 
to its lower output terminal (the side of flip-flop 179), at 
a low level (0). Likewise, a multiplexer 175 routes its 
input signal to its upper output terminal (the side of the 
flip-flop 1 78) when the output from the flip-flop 1 72 is at 
a high level (1), and to its lower output terminal (the side 
of flip-flop 179), at a low level (0). 
[0075] A rising-to-rising counter 180 counts its input 
clock CLK during a period of time during which the out- 
put of the flip-flop 1 73 is at the high level. 
[0076] A flip-flop 178 inverts its output each time an 
output pulse from an OR gate 176 is received. Similarly, 
a flip-flop 179 inverts its output each time an output 
pulse from an OR gate 1 77 is received. A reference-pat- 
tern-element width counter 181 counts its input clock 
CLK only during a period during which the output of the 
flip-flop 1 78 is at the high level. Also, a comparative-pat- 
tern-element width counter 182 counts its input clock 
CLK only during a period during which the output of the 
flip-flop 1 79 is at the high level. 
[0077] Fig. 1 9 shows waveforms of principal signals of 
the circuit shown in Fig. 17. As seen from this drawing, 
the flip-flop 173 generates a signal that becomes at the 
high level during a period from the rising edge of a ref- 
erence pattern element of each set to the rising edge of 
a comparative pattern element of that set. After being 
reset immediately before one scan of the sensor 9 
starts, the counter 180 is not reset during the scanning 
period, during which the count value is accumulated in 
the counter 180. In this way, the counter 180 provides 
finally the above-mentioned value £ (di). 
[0078] The flip-flop 1 78 generates a high-level signal 
during a period during which the reference pattern ele- 
ment in each set is being detected. The counter 181 
also accumulates its count because it is not reset during 
the scanning period after being reset immediately 
before the one scanning of the sensor 9. Therefore, the 
counter 181 provides finally the above-mentioned total 
sum X (xi) of the reference-pattern-element widths. 
[0079] In the same way, the flip-flop 1 79 generates a 
high-level signal during a period during which the com- 
parative pattern element in each set is being detected. 
The counter 182 also accumulates its count because it 
is not reset during the scanning period after being reset 
immediately before the one scanning of the sensor 9. 
Therefore, the counter 182 provides finally the above- 
mentioned total sum Z (yi) of the comparative-pattern- 
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* element widths. 
[0080] The flip-flop 1 71 acts to alternately rout pairs of 
a rising-edge detected pulse and a falling-edge 
detected pulse in a pair-by-pair manner to the refer- 
ence-pattern-element width counter 181 and the com- s 
parative-pattern-etement width counter 182. The 
difference between the reference interval data and other 
interval data can, as in the above-mentioned case, be 
calculated by the CPU 14. 

[0081] After the final values are obtained at the 10 
counters 180, 181 and 182 in the inter-pattern-element 
interval detector 17, the CPU 14 can put these values 
into the foregoing formula to calculate the average inter- 
center-dot interval data Da. In this way, the circuit con- 
figuration of Fig. 17 can also provide an interval data is 
item for one scanning of the sensor 9. 
[0082] Although preferred embodiments of the 
present invention have been described, various 
changes and modifications can be made without 
departing from the scope and spirit of the present inven- 20 
tion. For example, the polarity of signals in each circuit 
configuration is not limited to that illustrated in the draw- 
ings. 

[0083] In addition, the inter-pattern-element interval 
detector 17 as shown in Fig. 15 can be applied to the 25 
plural sets of test patterns as shown in Fig. 18. Con- 
versely, the inter-pattern-element interval detector 1 7 as 2. 
shown in Fig. 17 can be applied to the single-set test 
pattern. 

30 

Industrial Applicability 

[0084] The present invention is applicable to the 
design and manufacture of ink-jet image forming 3. 
devices in which it is possible to, accurately and without 35 
fault, recognize positions of the pattern elements of a 
test pattern printed on a recording paper sheet so as to 
precisely correct the relative offsets among print posi- 
tions of a plurality of heads, with a relatively simple cir- 
cuit configuration using a reflection type optical sensor 40 
which including a light emitting element and a light 
receiving element. This assures that the print positions 
of each head are precisely met to provide a high print 
quality. Also, with one scanning to read the pattern, it is 
possible to measure an interval of center dots, of two 45 
pattern elements to be measured, thereby reducing the 
time necessary for the registration adjustment. 

Claims 

50 

1 . In an ink-jet image forming device in which a plural- 
ity of heads are scanned in a direction substantially 
perpendicular to a recording-medium travelling 
direction, said ink-jet image forming device, com- 
prising: 55 

a test pattern printing means for printing a test 
pattern on a recording medium by using said 



plurality of heads; 

a light-reflection type optical sensor which is 
scanned across the test pattern printed on said 
recording medium for sequentially detecting 
pattern elements thereof; 
a binarizing circuit for binarizing an output of 
said light-reflection type optical sensor; 
a calculating circuit for obtaining a plurality of 
data items concerning intervals between a ref- 
erence head of said plurality of heads and the 
other heads, on the basis of the output of said 
binarizing circuit; and 

means for determining amounts of offsets in 

print position of said other heads relative to 

said reference head; 

said binarizing circuit, comprising: 

a peak-hold circuit for following slow change in 

the output of said light-reflection type optical 

sensor; 

a voltage-dividing circuit for dividing a held out- 
put of said peak-hold circuit; and 
a comparator for converting the output of said 
optical sensor into a bi-level signal by using the 
divided output of said voltage dividing circuit as 
a threshold. 

An ink-jet image forming device according to claim 
1, wherein a sample-hold circuit is used in place of 
said peak-hold circuit, said sample-hold circuit 
serving to sample and hold the output of said opti- 
cal sensor during a predetermined period corre- 
sponding to said test pattern. 

In an ink-jet image forming device in which a plural- 
ity of heads are scanned in a direction substantially 
perpendicular to a recording-medium travelling 
direction, said ink-jet image forming device, com- 
prising: 

a test pattern printing means for printing a test 
pattern on a recording medium by using said 
plurality of heads; 

a light-reflection type optical sensor which is 
scanned across the test pattern printed on said 
recording medium for sequentially detecting 
pattern elements thereof; 
a binarizing circuit for binarizing an output of 
said light-reflection type optical sensor; 
a calculating circuit for obtaining a plurality of 
data items concerning intervals between a ref- 
erence head of said plurality of heads and the 
other heads, on the basis of the output of said 
binarizing circuit; and 

means for determining amounts of offsets in 
print position of said other heads relative to 
said reference head; 

said test pattern including a reference pattern 
element printed with said reference head, and 
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a plurality of comparative pattern elements 
respectively printed with said plurality of heads 
at positions a constant designated interval 
away from said reference pattern element; and 
said calculating circuit obtaining an interval 5 
data item of one of said other heads relative to 
said reference head, based on the output of 
said optical sensor in a single scan across said 
test pattern. 

10 

4. An ink-jet image forming device according to claim 
3, wherein said calculating circuit, including: 

a rising edge detector responsive to the output 

of said binarizing circuit for generating a pulse is 

when detecting a rising edge thereof; 

a falling edge detector responsive to the output 

of said binarizing circuit for generating a pulse 

when detecting a falling edge thereof; 

a first counter for starting clock counting in 20 

response to a detected output of said rising 

edge detector; 

a register for holding a count value of said first 
counter in response to said pulse of said falling 
edge detector; 25 
a divider for halving the value held in said reg- 
ister; 

a first comparator for comparing the count 
value of said first counter with a predetermined 
set value so as to stop the counting operation 30 
of said first counter when both the values coin- 
cide with each other; 

a second counter for starting clock counting in 
response to the coincident output of said first 
comparator; 35 
a second comparator for comparing the count 
value of said second counter with the output of 
said divider so as to stop the counting opera- 
tion of said second counter when both the val- 
ues coincide; and 40 
a third counter for starting clock counting in 
response to the coincident output of said sec- 
ond comparator; 

said third counter stopping the clock counting 
in response to another coincident output of said 45 
second comparator which occurs again after 
staring said clock counting, the count of said 
third counter being used as said interval data 
item between said reference pattern element 
and said comparative pattern element. so 

5. An ink-jet image forming device according to claim 
3, wherein said calculating circuit, including: 

a rising edge detector responsive to the output 55 
of said binarizing circuit for generating a pulse 
when detecting a rising edge thereof; 
a falling edge detector responsive to the output 



of said binarizing circuit for generating a pulse 
when detecting a falling edge thereof; 
a first flip-flop for inverting an output value 
thereof each time the pulse from said rising 
edge detector is received; 
a first counter responsive to the output of said 
first flip-flop for performing clock counting dur- 
ing a scanning period of said sensor from the 
leading-edge position of said reference pattern 
element to that of said comparative pattern ele- 
ment; 

a second flip-flop for inverting an output thereof 
each time an input pulse is received; 
a second counter responsive to the output of 
said second flip-flop for performing clock count- 
ing during a scanning period corresponding to 
a width of said reference pattern element; 
a third flip-flop for inverting an output thereof 
each time an input pulse is received; 
a third counter responsive to the output of said 
third flip-flop for performing clock counting dur- 
ing a scanning period corresponding to a width 
of said comparative pattern element; and 
a switching means responsive to a bi-level out- 
put of said binarizing circuit for supplying alter- 
nately to said second and third flip-flops a pair 
of two detected pulses of said rising and falling 
edge detectors; 

said determining means for obtaining an inter- 
val data item between said reference pattern 
element and said comparative pattern element 
on the basis of output values of said first, sec- 
ond and third counters, and for determining 
amounts of offset in print position of said other 
heads relative to said reference head. 

6. An ink-jet image forming device according to claim 
5, wherein said test pattern includes a plurality of 
sets of pattern elements disposed in the sensor 
scanning direction, each of said sets including a ref- 
erence pattern element and a plurality of compara- 
tive pattern elements; and 

wherein said first, second and third counters 
of said calculation circuit accumulatively hold the 
respective count values during one scanning period 
of said sensor. 
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